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‘J’IIC Su})crvisc)ry  ‘J’clc]c)l)otics l,al)oraiory (S’1’1;1,1;1/)  at l}IC Jet  l)ml)ulsiorl  IJ:lt)o]atory  (JI’1, ) dcvclol)ul  a  (Iliiqlic

local  alId  Imlllotc  Iclcrol)otlic  syskltl t h a t  ]ias l)cclI dcscril)c(l  ill carlim ar(iclcsl  2;3. ‘J’() sl]tlllllarizc  IIIC sys(ci  II, it

i s  C{)l)l])cxccl  of two  ji):ljol Slll)systelils, tl)c  lmcal  Sik (ljS)l tlIat )Jr(widcs tile gmultd  site irlcludillg  tllc 0])(’1’iltol

illklfaccs  ztlld tlIc licll IOtC  Site  (1/S) tlIat j)mvidcs  tlI(’  Ix’?[l little colltro]  of tlIc 101)0(  alId  se IIsors. ‘I’l Ic softwaw fol

tlI( 1{S i s  lillOW’11  I)y tltc  acmlIylII M(J’I’I’X, wllicll  slal Ids for N!o(lul?lr ‘I’cl(rol IOl ‘1’;Isk lhcculioll  Syslcr]l.  l“igucc 1
])iclorial  illuslrzltcs  tlIc two  sIIIMyskIIts  aII(l  tllcic  itllmfncxs.  III (Ilis  ])ickgrd]]ll  tile (ltl])llasis i s  otI tlIe 1,S Ioc;itccl olI

tllc Cwlil),  wi(ll llIc liS usd ilt orl)i(  ciillu i)t a  c(JIII])lcirly  211110110111011sly ltIodc  01 ill c(~llju]lctiotl  willl astr(JIIauts.

‘1’IIc S’l’l’;l)l;l{  tlrcllitcclurc  sll])])orls  aIIy  rol)olic coltt Iol a])l)licdtio]l  wlIcrc  01 I I% a IIlil]ittlal l)tilld~vidtll  is :lvailal)le
Imlwmtl  tlIc IOclll alId  wlIIotc sites.

l“igllrc  2, S’1’l;i,l;l{ COIItcxl  l)iagralll, sl)ows tlIc r(latio]lslli]w  l)ctwccII  t lIcw two  cmi I] IoIIcIIts aII(l  tlIr llolm(l,

]’i~ul(:  3, M(YJ’1’X  II)utlc(io)l}il  l)i?ip;ral[l, 4  dCtililS tlIe fullctio)ls wi[llill M()’1’1’S.

‘J’IIc 1,S was writtcll ill C; alId  rlltIs  olI a collll)illatio]l  o f  S(JI ~vorlisttitio)l  arid a \)Nll;  cll:[ssis to II:IIICIIC llIC
1 ‘IIIIC 1 { S  w a s  }vriitc]l s{rictly ill A(I?I aIId  rutIs ill a  \~Nllt  cltassis  011 lllultil)l~vl(lo(~ caj)(llll~l.g, ])wtIcjlI  of tll(~ tas ,.

1111( ’lilioll  08020s.  ‘J’llc 1{S is tlI( focus of illis a]ticlc.

A s  OIIC CaII  itl)agc,  a ICI II O1,C sj)acc cllvirolllllcllt [loses SO IIIC illk’rtwti]lg  cl Iallct  Igcs, ‘1’11(  p,ml of’ th is  systcIt  I ww to
(leIIIOIIs(Iatc  tlIc feasil)ilit,y  of a loc+~l-rcttlok  arcl~itcci  ~lr( for sIIace a])]~lica( io]ts.  Nlaliy  Collstraillk  of t Ilis c]lvim)llllc]lt
IIav(’

●

●

●

●

●

IWCII  dr[aild  ill ])a])crs  I)cforc. ‘1’IIc  II Iajor  collsicaitl[s  of tlI( Crlviwlllilc]l(  illcludc:

A  lilliikxl collll~utaiiol] c]lviro)llllcrit.

‘1’itlle {Iclwy ill tllc cc,111tllltllic211iolls  I)dlvccll tlIe l,ocal  Silt arl(l 111( mI orl)it  liclll(,le Sik of as IIIIIC}I as 8 sccoIids
IWIIIId  tcil)  delay.5

Sof[kv+lr(j itlcludi]lg  alIy oll-orl)it  I)lop,rallls  foc 1 Ilc Iol)ol lIIust  I)(s [Iip,ll( quali[icd.

AIIy u]~loadcxl  softw~[rc  II IIIS( firs(  I)c fliglll (]llillifi~d  Iwfor(  tllc Itl)loLLd  to llIC 1{S CaII occ IIr.

‘1’1,, ()]) orl)il sys{cl]l  ltIllsl  rtwj)(,l,d  qllickly,  ])dictatlly,  a[Id Iw wcovcIal)l( 10 aIIy  aIIoIIIaloiIs  s i t  [I;ilio)l.

1



2“ A1)A  Sol’’J’\YAlil:  S’J’AII’FING  J’l{oll’l 1/1;

‘1’IIc largy  latc))cy  ill tllc’ coltllrlullicat iml CIrovc ltIllcl  I of tftc (Icsigtl of tile Srl’I’;  lJl’~li Systclll. \Vi(ll SUCII a lnrgc

l;lkllcy ill tflc  Cc)rltllillllicatic)ll,  dil(ct cOJIIK)I o f ’  tll( rol)ot  w a s  IIot fcasil)lc.  liut tllc rcqllirc]lt(’rlls  for tllc rca-til[lc

Control of lllc M)l)c)t rcttlaill ill] issllc. ‘1’() IIlwt tllc rca-titllr colltlol” m]lliwlltcllts  atld to deal }vitll  lllc l a r g e  latency

a control  scl Icl IIc wits dcvclo])cd  lllat r e l i e d  o]l trallsf ’crri]lp,  scvtral  collllltatld l)loclis  (Ila( COUI(I  }Jrovidr  s(llmktlitizil
t/lSk ]CVC]  COII(I’0].  ‘J’]lis WIICIIIC iS (0 tllC ]lal’tl(]i~,lll  f’()~ {]1(’ (’O1ltl O] Of S])?l(’(’(’l<lf’(,6 IIlst  (ad of tratlsltlittill~ ])K)/;raIIIs

to tftc wltIotc silo,  a S(’1 of (l; Ita  ]J:~raltlctcH  aw Itallstllit(c(l t h a t  Colltr(]l tllc  cx(cutioll  of tll( Imllote  s i t e  sof(waw.
‘J’}lis  a l l o w s  tllc liS sof[ivarc  10 IIarldlc s variely  of COIIIIO1  ltIo(l(w willl II() cl IaIIp,c ill lIIC liS s(}f[wdrc  rquird.

‘J’llc  ])] OIC)lY])C  ]Ociil  2111(1  IClllot(”  site cllll”(’lltl~  Coltllll  lltli Citt(’S  via llNIX SOCli(’[S.  ‘4’11(’ 1,S S(11[1S ‘Ihsk  (k)llllllilll(l
II1OC1{S  (’J’(; lls) to tll C liS. ‘J’llr 1{S scllds Il}l(lat($ to tll(’  1+S v i a  I{c]mr(s. ‘J’IIC ]<S rcccivw  ‘J’(~lk  21syllclIr(Jll(~llsly J’rolll
tllc 1,S, 1{(]) ()](s arc trallslllitld l)y tfIc rclllot(  silt at, I)otll  l)(rio(lic  aIId al)criodic  r a t e s . ‘1’llcw ‘J’(;l\s  ~)rc)vidc tflc

l)asis for tflc  co]ttrol  of tllc 1{S. l’araTnctcrs  witllill tllc ‘1 ’ ( i lk  s})ccify cc)ltl])lckly  tl)c  total cxcclltioll of Nl(Y1’};S.  III tllc
CL IIJC]I(  itll])lc])lc]ll:ltioll  (lIC ‘I’(; lk colllai]l :lJ)])loxilll:[t(ly  3000”  l~ytcs of data slid tllc l{cpolls collioirl  ~ll)})roxilll?lt(’ly

1500” Ilyks or d+iia.

‘1’llis sclIcIiI(  also lIId {11( }cxjuimltcllt  to IIrmi(le mi(tlsivc  itltcrtlal IIlollitorillg. lksidw u)lltrol  ]~arfiIII(kIs,
Ixflcx  aclio]ls  w(:rc  also sl)cci(icd  lflrougll  tllcsc  data SC(S. IIlx])crittlctlts  ill tftc S’i’l;l,l;lt  lal)olatory wmc })c]forltlcd

H1l[l tasks  SUCII as a dock i]lg cx])crittlelli7 W(K! Colll}]lctr(l  alltollc)ltlollsly”  Ilsirlg  lllis (lilt21 l)loc!i Colllrll:lltd  slrllctur(.
Sll]]critll])(m(l 011 to]) of tllc (’ollllllilll(l  1:1s1{s, tllc Icflcx  ~lctio]ls  IIalldld aflolll+ll[~us  silualiolls,  sllctl as cxccssivc fc)rccs

dct(,c.tcd dlirillp,  l}IC docking  cxt)cri]]lc]lt. llN2LlIsr  or tllr large f’o]ccs  required to coli II)lclc tile docfiitlp;  cx])cri]llc]ltl
tllc 1{S soflwarc  lIad  to m+l)OIId q u i c k l y  10 alIy  cxccssivc forces (Irlcctcd d(lritlg  tllc OI)crati  O)l. If tllr 1{S slllwyskIII
( l i d  IIot J(WI)(MICI q u i c k l y  to alIy  allot[lalous  colldiliolls  tllcr[ was :L dis[itlct  ])ossil)ility  01 lIIC fail(lrc,  of tllc rol)c)(.

‘J’IIc data  l)asd COl II II IiIIId  s(ructurc of tllc systclll  allouw tllc syskvrl  to cxccutc  a sclics o f  collllrlatlds  ill
a SIIJ)(JITISC(l  alltol lolllolls fasllio)l. I f  ally  afI(HtI;Il(,Ils  action  i s  dctccld lvllilc cxcclltillg 8 smi(s  of COIIIIIIaII(lS,  tlIc

sysklll r(fl~’x ll)c)clc  is illitialc(l alId  lfIc sYstcl  II IIIO\KS  into  a Cl([irl(d safr  II IO(IC  of oj)cratioll l) Cj)(>lld Cllt IIJ)C)II tll(’  l~\Sli
])mgrcss  t]lis  ltlodc could vary frot]l  a sitll])lc  IIaltl of tflc  ]olmt, 10 a r(laxfitic)ll of forms  followd l)y a halt o])cratioll.

‘1’llc software dcsigtl atlcl iltl])lctliclt(<ltioll  of M()’J’1’X  )Vas Coltl])lc’lc  willt  only  two full t illlc Sof’(wilrc  cll~ilt{crs  assig,tld
10 tllc I{ ISI{, sllarillg  a]l oflicc, }$,[)ll{illg 1111(1(1  011( taSli  l[liillil~,(,l’. IJurillg OIIC suilllllrr two  grdduak  stlldcllts w e r e
:Issig;llc(l t o  tll(~ ])1’ojCCl

II;xcc])l  tllc :11111101,  IIOIIC of tftc ]~crsollttcl  Worliit)g  011 t h i s  j)rojwt }Iad aIIy Ad:] cxl)cric]lcr.s  ‘J’tlc alitllor
was iltilitllly assigtld wittl  tllc task to tcacll  A d a  ill otl(, IItolltll  sIIOY( COUW, ‘J’IIc alllflor colltittucd  with tllc ])rojcc(
scrvi]lg  ill It role  as l)otli A d a  colls~lll:illt  and sof[waw ctlg,itlcc). IJllc  ill ]~ar(  to lllc slII:Ill  tcalll siw,  aIId  lI:Ivi  IIp,  aII

Ada co]lsultallt  avail  al,]e,  I}IC  l:l~li o f  Ada  cxl)crictlcc  was IIot a IIatldical) during tllc ]Irc)jcc(..

3 lht,ional  for t,hc Choice of Ada

‘1’llc flill(]:~l[l(]lt:il  c r i t e r i a  fbr sclcctitlg  A(liI for this  ])ro.j(ct. wx I)asd (JII tllc v i e w  tftat HII IIcwly drvclo])cd  sof[lvarc
for ally flight sysk’})) for S])acc Stati[)li  lhwloIII  IVOII1(I Iw (1OIIC  Ilsitlg  tllc Ada ]jmgra]lltllitlg  ]a]lg,uap;c. 1[ was drcidcd

tflilt  a real ist ic  test  l~latfort]l  for a J)otcllti:ll  flight  syste]ll  SIIOUI(l  IN, co]l]l)lct(,d  Ilsi]lg  AdH, I{ CSIII{S  of tlIC IIS( of A(li]
f o r  this  ])mjcct,  could I)c IISCCI  to dcci(l( if Illrrc w e r e  :LIIy clctllctlk  of tllc Ada  latlg)uag,c that w)(lld Ililldc] its usc ill
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Ieal tiltlc IK)l  Ioti C SYSICIIIS.  ‘1’11(’ ])rojccl  Itlc]l  SOICcte(l  a WI I(IOI lIIH1 c{)uld suI~Ijly :LII A(li[  colll])ilcr  that would  ]IIIC1
its mlllire]tlc]lls.

l’1’oj(’ct  l’(’qllilclllcnts \\’(’l’(’:

1 .  ()]lly a II)illilllultl aIIIOIll It of (It( l) IIdp,(st for tlIc ])ro.jcct  cwuld I,c lISUI (o acq{lirt’ 1)0111 a tslgct  (’Olll])ilcl  a n d  a

Ilzllivc  co!ll])ilcr.

2. I) CVCI()])l  IICII1  \VOUl(l l~li(!  ])l?l(’t’ 011 S  Sllll  4 C(IIII])IIICI”.

3 ,  ‘1’lIc targc(  IIardwarc  )vould I)c II[lc]ilio]l (i.?ioY()’s,

4 .  ‘1’llc  VMI’: 1)11s  would IIC llscd a s  111(, lmcli])lilll(’.

[). ‘1’11(’ 101)01 k) 1)(’ Colltlollc(l  would  IJC :1 7  l) O1’’s”  1{ 1{(:][’ 1207. ‘I’l Ic corllml iIitcrfacO  vras 10 l)c o v e r  a  n i l - 3

itllcrface lllodillc.

6. 1 1  w;is desiral)lc,  I)ut IIot Ilcccssaly,  k) I)uil(l  tllc Sc)f(wdn  011 to]) of tllc: \l’ill(lrivcr  VX\f’olliS  olwr:tlillg  SySt(lII.l]

‘1’IIc  l)ul!i  of tllcse  rf’(]llilclll(llts lvclc  levi{d itl a (Icsirc k) IIlillillliw ltlc  cost of dcvclOJ)illg {lie  sys(ct]l.  ‘1’IIc
taSli lIit(l  at its  dis])osal  S1111 4 slid  Sul I 3 worlista(iol)s, :i])l)loxill)iltcly  1’2 IIucl”ilioll  680’20’s,  srvclal \~Nl}’; cliassisl aIl

adcq IIal.r  sIII)]Ily of sIl])]Ior( caKls fcw a VIU  l; chassis, aII[l :1]1 l{li(~]z  1 2 0 7  Iol)ot  and CO] I(K)IIC]  wcr( avail  al)l(~,  lly
Ilsi]lg  this  cqlli])]ttc]lt,  IICW ca])it:il  cxlwtlditurcs  Ivcw  Iilillillliwd.  of Coulst)) this  duccd  tlIc cltoiccs for colttl)ilcrs

:111(1  otll( ’1” Sof(wal’(”  tools.

‘1’IIc  I)ricilly;  issum colltillucs  to discc)urap,( 1.IIc IISC o f  Ada. I,’or (X:LIIIJ)I(, ()]] ()]i(  CIIIICII1  tilsli,  lIIC  (J NI-J]:3

(~-l -1 colll])ilcl  w a s  foul]d  tO I)c sllilicielli for viltllally  II(I  cnst cxcr])(  a do)[atioll  to tllc ol)rli  Sof(wllrc  l“ourldalioli.

‘1’IIc fi)l:ll  sclm-(ioll  l)ascd 011 tllcs(  c r i t e r i a  ~vas k) usc lIIC Vcrdix Ada colll])ile{  tis tllc cross cotll])ilcr  and tile
SIIII Ada colll])ilcr for a s  tllc IIativc  cc)ll)l)ilcl. ‘1’11( tlalivc co]llj)iler  \Yas US(YI  1( I coIIslf  IIct a  sill[ulatioll  c)f lIIQ fiIIal
sys(clII.  ‘J’liis siltllllntioll  Wtis all cxlrclIIdy Uscfl)l  aid ill tllc ilit,c’gra(ioll  ])llases. lkl)ugp)illg  was sirlll)ler  ill tlIc sitlglc
])]oc(ssor”  SIIII  I)ased cl Iviro]IIIIc]Il,  lllatl t,l Ic ]Illllit,l)loctssol”  target  c~lvirc)llll]c]lt.

A I  I  illl])licit ])art of tllc wscarc]l  IIntuIx of lllis 111().;cc1 W:IS  to dcl(]]llillc  i f  Ada could 1)( IISd to I)uil(t a  renl-titlle
ml)otic  coIItrol  sys(eIi I. At tllc l)cgilltlillg  of  lIIC  ])wjcct  tlI(w  }vtis a .grcat  (IcHI  of Iltlc(r(airlty if t lIC c(I]rcJI( ~,cllerat ion
of A(I:I  collll)ilcrx l)dilccd code tll[il would  ])ro~,[ cflicic]it  for tllc  a])]) licatio]l. ‘J’lte followitlg ~v[~rc  lwIIcfils  o f  using

AdiI.

1 .  (~c)lcric  ])acliap,cs  wcm  u s e d  tO ])rovidr  tll~  f’r:ll]lwor!i  of t}lc lll:ijor ulldcrlyitlg  coltllllllllicatiotl”  sclle]l]e.
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2. ‘J’IIc Ada tasl{i]lg  II Iodcl  \Yas u s e d  (Iircc(]y  ((I (I(wcil)c  (IIC :Isy IIclIcoJIous IIalucc of ili( I) IOI)ICIII.

3. ‘I’l IC usr of over loaded ol)ccat(ms silll]>lific(l  tlIc M)dc of tlic  IIlatlicttlalicfil alp;olitllllls.

4. ‘1’IIc  ])otc]ltial  ]~ortnl)ilit,y  ])IOI)lC]IIS W(N  i~oli{tC(l  ~vi(llill  s])ccific Ada ])acfwgcs.

A s  (lcscril)cd  la(cr iII lflis tirliclc (lIC ~,cllc]ic fcatuw o f  (IIC latlgtltlg,c W(SIC u s e d  ~vlIcII dcfitlillg; tlIc IJasic

illlcr-]~rc>c{ssillp, cc]lrllllllllic?lli{)ll  lvilllitl NI()’I’I’X. ‘J’l Ic ]l}l~~iC<l]  ]ayollt  of slIarcd  ]IIrtrIory >vas coIItrolld  v i a  f’acililics

of tllc Ada lal]guag;c  to guaralltcc co]lsisic]lcy  of tll( IISC of  II ICI II(JIj’ I) CI,W(TCII  I)rog Ia!IIs rutliiillg  o)) diili~rcllt  I) Kmssors.

4 l)mign Decis ions

4.1 IVlullliproccssor  l)cxision

lkcallse o f  t h e  cc)ll]])~lt:~tioll:ll  rcqllirclltc]lts atId lIIC Cc)lll])llt:ttioll:il  Ii]llitiltio]ls o f  (IIC IIucrilio]]  (j8020’s’4, it wiis
d e r i d e d  e a r l y  that tllc systc]II  would  l)c m]uird (() usc ]I]ulli])lc  II II II II JCIS of (;1’11  cards, III tfIc  fil I:+l co]lfiguralioll,

7  llllccil<oli  6S020’s” WCYC  US(X1  to SUI)IKW(  i IIC iJlo’1’lI;S sof(waw.

AltlIoIlglI tllc A d a  lallgu(lp,r  dors SUI)I)OI1 lll(llti})r(~ccssitlp,  a]ld illterl)roc(ssitlg coll]lli~irli(:itioll”  it d o t s  ]101,

wqtlir(  this  $Il])]ml’t  to I)c Illli(id  ilCl(MS  ])1’op,liiltls rxocl]lil]~  011 s(j)a~alc  (~1’(ls.  ‘1’llis lilni(atio]l folccd  11s t o  dcsigll
0111 OWII ]Illllti])roc(’sso]”  cotlll[lllliicz]tio]l.”

4 . 2  ]ntcqm)cmor

‘I’l Ic ltlcclla]list[[  CII(KVI  t,o

C;ol)llllllllic:ttic)ll

illl])lcttl(llt llIC itltcr-l)rocmsor  cotlllllllllicfilioll”  \vitllitl  hfo’1’l;S wa~ v i a  slIarc(l  II]cJIIory.

lJi~;IlrC  4 ,  M(YJ’I’X  Nfltllti-l)roc(ssc)r  l)nla l“low, illuslcaks tllc  rclatiollsliil)  of (tic illdividllal ],mccsscs 10 (II, data
s(,OMW1  ill slIaw(l II ICI II Ory.  ‘J’l Ie l)asic afc)lit(ctIlr(  of SIItIrcd hlclII(Jry  is tliai of ilI( lIul)  or a ritlp, wit]]  car]] ])roccssor

read itlg  :Illd writiil~  daia to a r i d  fcc)ltl tlIc 11111) [is SlI(IWII III I“igurc  L. ‘J’II(s  slIaIcd  IIIeIII(Jry  interface is lIaIIdlcd vifi

gcllccic  ])<ICI{?l$,(’S  tfl:lt Cxl)ort  1( ’:[(1 :111(1 w r i t e  J)loCCdlll’(W. ‘1’ll(w l)aclitigcs arc collfxlcd  dlId itls(tilltia(cd  I)y a  siilglc

Ada  ])ackag(  a]ld i( is willlitl  this  ])ii~li~i~~  tlI:It  t IIC layoIIt of SIIRI(YI  MCI IIOIy  is dcfi IId.

III tlIc CUIICIIl  illl]ll(lll(tllilti(~ll  110111  l,:ist-ltl-  1’irst-olll (1,11’()) (Itlcll(sstrLlctiir(s  aIId  l’ils(-lll-l’  irslollt (111’’())

qucllc  s{r IIct  IIccs arc su])])ortcd.  Ill (lIct tlI( 1111’() slructulc  sul)])ort,s I]otll  llIe sil Igl(’ wri(cr/lllult  il)lc  rcaclcr aIId  tlIc
IIllllll]dc  \i7rlt(  ’r/11111111  ])1(’  IC?ldcl  (’:IS(W. 1’[,1 ilIc  1’1 IF() queue  ()]Ily si]lglc  writer  +IIId sillglc  readrr cases  arc SU])])OIIC(I.

]’aci  of tfIc  dccisio]l  k) us(: sllaccd lIIcl  II(Jry was our collccrli  for ])(lrtitlg ttlc  syskvli  to diflkrclii I)latfolttls.
S<) rti(llcr  ilIaII dc])ctI(l  ul)oII  (lirccl  (11’11  k) ~~1’[1 II I(IIIOIy accn+cs  it was f e l l  access  to Ofr  1)();11(1  II ICI  IIOI’J”  W’[)ul(l  l)C

SIIl)l)OIkI  011 a  variety of IIar(lwarc  ])laiforllls.  OJI(  of tflc  I)cllc[its  of usillp, A(lit  }V:IS tfIat tllc ac(, ual iltl])lclllclltatic~~l

dcl ails for (IIC illtcrl)roc.cssor  coll]l]ll]llicfil,io]l”  woIIld  II(J IIiddc]i  witflirl  tfIc  Ada I)ack:tgc I)odics.  Additiolltil slr(IctLIrcs
(’iIll I)( a(l(ld k) (11(’ Clllrclll  (lcsi~;ll wiifl 110 illl]}nct  10 tfl(’ sys(clll.  S0 Wllcll ])or(it)g  lllc Sysk’111 to a  lIcw ]Jl;I{fol]II,
lIIC two  grllcric ])ackag,cs  for tfIc  1,11’()  S(IIIC(lIK aIId  tlIr 11’111’[)  slruc[urc lIIay lI:IVV  t o  lIC lllodi~lcd  for ~lIc cl Ial Igc,

‘J’IIIIS II() cl Ial Igc iII tllc illtcrfau to llIr a])])licatiol)  codr  is rcqliircd.

14 ‘J’l Ic clo[k I,I(C  [), [ III(  I)I,)CCSS(II*  II.(YI  WiIS  12.:) MIIY

4
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4 . 3  l’1’olxssor  1!0 I’I’OCC!SS Ivlap])ing

II;{ICII A(liI tas]i is II Ii+])])cd to a SC])iIIiItc  vx\l’OIl;  s ]JIOCCSS. ‘1’0 I’urllir] aid this  ],]c)ccss wc c r e a t e d  a collcvl)tl Iitlo;v
as a W1’al)})c’l  ])]ogl’tilll. 1“0] caclI j)roccssc)l  a  \vJa])])cr  ])mglattl  w a s  crcatcd  that  co]l(aillcd  a l l  of lllc a])l)licatioll

C(J(lC  quid for illis ]~roccssor. ‘1’tlis  Wra])]}c,l ])I(),C,I’:1111  Colliilill  S tll(’ slIa]<d  II IC]IIOJy  illir]l’acc aIId lIIC ]cqllid
i]lili:lli7,allo]l  for cacl] o f  tllc ]IroccssoIS. ‘1’]tus tllc a])])licatioll c o d e  tlIal ltlakcs  ul) ltlc  systcIII  ]IIay I)( WI:L})]WCI

(Ii(l(tvtllly  dc})ctlditlg  u])o]I tlIc ]Il]lIIl)cI o f  ])rocossolx rcqlliml.

4.4 Simulator l’hilosophy

‘1’l)c collstructio)l  of  a  siltllilalor was vtry uscflll,  ‘I’() IIlilllic :1 ltl~lltil]loc~ss(jr  eltvimlllltcllt eac)t (~1’11 lvas II Ia]I1wd to
iitl Ad/I task a]ld this  ])rovided  a S1OIJCI I)ut accurate  II IO(lCI  of tllc ta]gct SySlCIII.

‘J’llis ])roc(:ssi]lg w a s  II I: I] I]JC(I  to a siiiglc  (~1’(f.  III tllc t.ar:,(t  was II Ia])])cd to aII AdiI  task ill tlIc si]tlula(io]l

(~ill)ir(~]llltclit.  A  wrii])])cr  ])YograTtI was COIIStIUC[(Yl  to ])mvidc a fralllcwo]k  for tllc cxcclltioll of (IICSC Ada  t ~slis. ‘J’llis
wra]>])cr  wJas required  l)y lIIC IIIICS of tlIc l~]l~,l]ii~;~ si]lm  aTI Ada (ask IIltlst I)c colltaillcd }vitllilt all A d a  col[l])ilatio]l

utlil. IIy illtmducillg  a ti]llc s ca l e  col Islallt it lvas ])ossil~lc to ])]cm’idc  iltl accl]ratc  ]IIo(lcl  of t}Ic t a r g e t  systc]tl.  ‘J’ltis
sil]]lllat,io]]  (,]l\,jrc)]lili(:]lt,  }vas I)ililt illl[l  ]/111 [)11 a S1111  4 C(jllli)tltcl.

‘J’l Ic fc,llowitl~,  is all cxalll])lc  of lllc sillllll:llo] code:

with i s m ;  - - PI oceclu~  e to i n i t i a l  ize s h a r e d  memo] y
with Shared_  Memory -Va~-iable;  - - I,ocatj. on of  shared memo~y v a r i a b l e s
with x l ;  - - E n c a p s u l a t i o n  of the  sof tware  that  runs  on Processor  1
with x2?; -- F,ncapsulation  of t h e  s o f t w a r e  t h a t  I-uns  OIL Plocessor  2
p r o c e d u r e  Sim is

package SMV ~“enames Sha~ecl_Menlory.-Variable;
Abort_Processo~--xl : Boolean renames  SMV.Abort.  Processor_Array(l );
Abort- P~-oc.essor_x2  : Boolean renames  SMV.Abort-Processor_Ar~-ay(2)  ;

t a s k  P]-ocesso~-_l  is
eni,l-y  S t a r t ;

encl Processol_l;
t a s k  P~-ocesso]--2 is

e n t r y  S t a r t ;
el~cl P1-ocessor_2;

begin
-- Initialize shal-ed m e m o r y .
ism;
- -  S t a r t  t h e  t w o  t a s k , each of which s imulate  one CPU
P r o c e s s o r - l  .Start;
P r o c e s s o r -- 2.Start;
-. E x e c u t e  a  d e l a y  s t a t e m e n t ,  a l l o w i n g  t h e  s i m u l a t o r  t o

--  run for one h o u r  o f  w a l l  c l o c k  t i m e .
) Oop

d e l a y  3 6 0 0 . 0 ;
end  loop ;
- -  A b o r t  t h e  t w o  t a s k s .
Abo~-t- P~-ocessoz--xl := True;
Abort_Pzocessor-x2  : =  ‘hue;

encl Sire;
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4.5 MO~’1’;S  S imulat ion  (k])al.)ilil]y

lllcll]dcd i]) tlIc N! O’J’1’)S syslctli  was a  rea-tilllc  sitlllllati(lll  ca]mllility. ‘J’llis ca]ml)ility gavr tllc o])(ratt)r t}Ic nljility
to acculatr silllu]titc  a rolwtlic  al)]llicatioll  taslt. ‘1’llis sit]llllalioll  IIlodc u s e d  (IIC full  s(t of tlt(’ Nlo’1’1’X  sof’(w’t(lc

cxcc])t  tlic actual ililerf ’acc fro)]]  illc dcvicc  (Irivcr  10 lllallil)ul~ltc llIC Iolmt. ‘1’tlis  Was accol[ll,lisllcd  l~y IIavillg tile

dcvicc  dlivcr kcy 0{1’ tllc IJIOde of tllc systc]tl.

(;rilicisllls IIRW  t)cclI ICvic(l Collccrllitlg  t h i s  systmll  011 tliis  I)oitlt, ‘1’lIc  ]IIfijor crilicisltll[’  lvtis ttIat tlIc dcvicc

(l]ivcr,  cc)]lsi(lccd  a lotI) lcvc 1  softlvarc  f(lllcliolt,  was rtqllircd  t  o  l)c aw:tr(  of dII /Ii.q// 1( IJCI o])(r+~lor futlctio]t. ‘I’l Ie

ratio]lale  for itlscrtliilg  this fcatllrc  at, this  low ICVL,l  was 10 ]Jrovidc tlIc IIiglwst  ICVC1  of coII(idcIIcc  ill tllc soft}varc  tlIat

woIIld  l)c colltrollillp,  tllc rol~ot,. TIIc ]>arliclllar lolmt used wcip,tls ill excess of JO(I Iiilograt]ls  a)td is ca])al  Ile of ][[ovillg
at joint veloci t ies ill cxccss  of 1000 dcgrcws ]Jcr s(cotId.  ‘1’111)s cvml }vitll  tllr o[)cratcw IIlalltliflp,  a rol lot kill sw)itctlcs,
:1 s(~fll$,dlc (’I’1 ’()]  co~lld gCtl Cl;il(,  ii co]llrtla]]d  to t II( IC)llot Collt Ioll( ’1” tll?it 1$’OUI(I  ]CSLllt ill 1)1’C?lliillg  t II(> 101)01,  so })y

]Iavillg  tllr IIlaxilllu]ll allloutlt.  of cot[t]ol  SOII}V:II( [xccutr zIs ])drt  d tllc silllula(ioll  a IIip,ti collfi(le]lcc  lcve] could  Iw

],lac(d WlIeII tllc COIIIIIIa  IId S WCIC cx(cllt(d w i t h  tllc actual  Iol)ot” ill tti( control  100]).

(~ivcll  tll( IIatuIe of tllc I)lOI)ICII}  tlIc solutio]l  of [Juitillp,  a Iligll f’~ll)ctioll  il~sidc  of tltc IOW lrvd dcvicc  driver

4.6 IIllc!rfacl!  l’h’ol’s  l)c!tr(!ctc(

sl)ccial]y  co]tsidcr  tll( ml)olic  saf’cty i s s u e s  alId  tlIc lId to g;uara]Iicc  tllc

I)Y the IJal]guage

lkc~(usc  tllc Ada l~lllg~itlgcr((lllircs cc)lll] jlct(s])rci(  ic~itic)fl of’illtcrlaccs  II IaIIy desigtl errors  arc cau,gllt  before actual

d(,l)uggi]lp,  hkcs ])I?ICC. otllm lal Igll:I~cs,  sucl I a s (~, do Ilot J)rovidc illtri]lsic dcl)llggitlp,  ai(ls as Ada d o t s ,  \Yitliout

tllcsc illtcltlal CllCCliS tllc ])cojcct C()[lld not Ofl){cll Coltl])lctc(l  }vitllitl tllcscllcdlllc a l l o c a t e d .

~ A d a  R.cusc ~OUHX!S

At tlIc I)cgillllitlg,of tllr t a s k  OIIC of our p,oals  was 10 YCIISC M II IUCII Ada  COd C tls ])ossil)lc.  ll]lforl~ltlattly, tlIcre was
virtl {ally IIo])c  tlliit II)atcllcd ollr cljoicc of (Iata stlucturcs. l“or  cxal)l])le,ollc llccd of’a]Iy m})otic  systelll  is a K)))IIS[

flllly (Iel)ugg,c(l  wl)otic II IatlI lil)r:iry. I)(Ic to tl]c  l a c k  o f  a u]lifo]]ll  c]loicc of low ICVC1  data structllrcs  ill {IIC Ada

‘1IOl)ol]c  Colllllllllllty tllc’1’c arc 110 s Iilld  l’O1)  0 1 ”  IIlatll  IIl)l”allcs. ‘J’IIc  l,illca] AIscl)ra  l’z]ck;lp;(~vrittcll  l)y AllaII 1<111111])])

of J]’], WT<lS  ]]scd as tllc }Jasis o f  tile rol~oi ]Ilat]l  lil)r?[ry Co)lstructccl  l)y h!il~k  l,oIIg  for tllr  t+lsk. ‘1’IIc rcsourccs
av:lilill)le at Molllltaill Ret  ‘S Ada l{(~]l(]sitory  JvOI(I II SV(I to ol)tai]l a fcw so f[w; irc tools.

liccausc  lIIIICII  o f  tile rol]otics  work  i s  dollc  using (~ i t  lias l)cctI  di~fic(llt  to ])or(  tllc Nlo’J’lIx  softwfirc  to
otllrr])rc)jccts. A~,zlill, l)ccallsttl lcilisl lot ~icollsistrllt  cll(~ic(i  lir(],rcs(]]t/(  tic)] lsc)f(l:i  t/[strl ]ct(]]csisll/[sl,l (,\,ccltc,
(Iiflic(llt to slIarc  ailytllitlp, 11101(”  sutmtatltial  tll:lll IIll]tlclical  algoritllttls.

(i CO(IC Sl)l’llcl)ul’c

‘I’l[clil~ljc)r  clat<ityJ)(s  a]ld ]tli(tllfll~lctic)ll  \v(I(’(]Ic;iI)sIIlat((l  Wit]lill  afcwAda  ])ackagcs t h a t  all  tlIc soft,warc ill tl[c
sys(cll]  Ilscd. ‘J’llis ])r(,vidrd at leasl  olIc l)ottl  Cll  CCli dllritl~  tllr s o f t w a r e  (l(I\{lo])JIIv]It c y c l e . 0111 colll],ilcrs  wwc
]ulltlillg 011 a SUII 4 usitlg  a rcltltively  slow disk drive. (~olll])lct(c( jlll])il:ltiollsof tllcsyslclll wOuld t?~li(ilt  cxccss  o f
4[) IIlitllltcs.  II] tllc ?IId y e a r  of tllc dcvclo])ltle]lt  I)rocrss \vc ac(luirvd  a f~ist(r disk driv(’  aII(l  uI)gra(les  to tllc Ada
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cc)lll]~ilcr, lktw(c]l  tllrsc two cvvtlts  tlIc  c<)lllljilatio]t  lifllc of {lIC  COIII})l(lC systcli  I Ivtis rcd(lc((l  t<) :Ij)lj]cjxittl:]t[ly  15
Illill(ltch. l“ol”lllllilt  Cly, tlIr ]Jacliag(s tlIat (Ir(w(  tlI(w colIIjJlck  coltl])il:llio]ls~t(r(”  ]Ilodi(icd  itll’rmjuc]i(ly.

‘J’liis loIIgcyclc for a sys(cIII  cc)]ll])il:ilioll  }Yasf](qucrlt  011 systcIIIs  10 yfars ago, 1)11(  s[)f(}~dl<c]]gitlcc’rs  lIavc
l)w(,]II(  dccllslo]IIcd  to vcty  quick  111]11  a](,lllId  ti]]l(:, ‘J’IIc  lIml solutio]l  frolll l)oll I al] ellgitlcclitlg ])crs})cctivr  a]lcl a

lII;IIIag,(]II(’lIi  v i e w  i s  to Ilsc tllc lattwl  dcvcloI)lIIclIt cllgillcs  10 Icdllcc  ttlis  lurl] arollrld  tilllc,

7  lkal-rl’imc I)cbugging

‘1’11( c l a s s i c  (lcl~up,gi  IIg t(cll]li(]llcs  (lo  ]Iol oft(iI 211,],ly (0 dt.l)l]py,illp,  r(:ll-tit]l(sof(\v21rc.  OIIC is <)f’teII  II IOrC itltcrmtcd

ill looliillg” at tmlIds of values tlIat I with a jjdrlicul:lr  value.  1“01 illis ])mjcct  Jvc Used a sof(~vard  oscillosco])v  ]) IOgra III.
‘1’llis ])rovidcd  a lIIcal Is to ])101 valllcs  \villl lcsl)vct  to ti]ilc a s  llI(,y \v<,Ic  Cllatlgillg. ‘1’11(  1)10(111  (’( Sl(tllosco])c  \$, as

CIIOSPII  for  usc 0]1 th is  ])rojccl.

A s  a  s i d e  ]Iotc,  illis ])Ix)(II]c(  wasoIIly  ],rovidcd  with  a (; illtcrfacc, (k) III]~lct  cAda I)illditlg,swcrc  \YritteII ill

?I IIl+llt(>l  of” 1}1’() \\’ CCli S 1)~ [)11(’ of lIIP ~,i~l(lll?lt(’ St Lld(’llt  S, ‘1’II(s  c a s e  ofl)cillg al,lc  10 IISC  third ~,ar(,y sof(,warr  wlittctl

ill a [Iiflirc}li  l~]l~(ti(~( coll{illues  10 I)c (J]IC  of Adti’s  s(rcltp;(lls,

8 lnljcrnd Connccllivitly

11’11(’11 111(’  ~1111101 Sl?ll’(cd w(,iliillg {,]1 tltis  t?lSli, II(I II; I{l IIocx})r]i(llce wi(ll  tltc  VAII) 1)11s, IIucrilioll I)oards,  (,I tlIc

W’itl(lrivct  vx\\rorlis  ollcralillg  SyskIII. IIy sil)ll~l(  (Ioitlg, il little rc;[ditig  011 lIIC IIll(lllct l)ull((irl t)oards  1  Was al)lc

tc) ol)l;(ill  a Wciilil)  o f  illforlilatioll arid to l)llild a  Coil  Si(l(liilll(  klIolvledgc  I)asr  itl v e r y  snort  l]~tiod. \Yitllollt  this
I(W(JIII-CC,  l)IOIJICIIISI  cIIcouttlcrcd  \vc,LIl(ll,:ilct:Ik(]I ]Ii+ltly tilll(sl  ollg,(rlosoll(.

SUIIIITJWY of] J(!sso]]s ]JcxiI’Hd

‘1’IIc cost,  of Adti  cc)lll])i  l(,tscoll(il  l(]ctoli]llii”  I)rodllc(io]l ctlviro]llllcllts,

l’hsc  of Rcccss to IIl(crllct c-llttiil scrviccs <Ii(ls rcsc)lut,ioll  (,f])lol)l(itls}vitll  vcIIdors.

llJil SC O f  :ICCCSS  t[) tll(’ IIlt(’1’11([  lCa(lll  C\=i,S I)l]llc(itl I)oilld  illcrc:{scs  111(’  ~Wclivc  !iIlolvlc(lp,( I)tis(  for 1(’solvillg
l) IOI)ICIIIS.

Not,  llsi]lg,sc)f(~~:lrc writk]l ill ot]lcr  l:]]lgllag(s  itlcictlscs  drvclo})lllrllt  a]Id del)llgti]tle,

l,~~li of Ada cxj,c]ic]lccd  ctlgitl(,c]s  is  ]Iot, critical to co]ll])lctitlga  ])rc)jccl 011 SCIIUIUIC.

ll:i~illg~ltlc{lst ()]lcA(l:lcx])(ricllcc(l  c]lgill({r toact[is ;I ][lcllt(~r isit[l])ort:itlt}  vlt(ll wolliillp,wi(lt  c]lgi],ccrs

illcx])crimlcd ill Ada.

‘J’llird ])ar(y software  k) (Iy]l:]]]]ic:llly(lcl)llp,  llIV syst~]ll.  Soft}valcsucll  /Is Stc(lioScolx  ]Itovcd  itlvalllaljl(,

}1’c)rl{s(?ltic)]tslvitll  Suflicic]lt  ca])dl)ilitics  10 ]Jlovidc  IIli]li[ll:[l  collll)ilatioti  ti]llc.
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10 A(:l{N()\’$’1,l’;  I)(; nql’;N’l’s

10 A  cknmvldgmcnts

‘J’l Ic rcscarcl  I drscril)ed  ilI t h i s  ])a])cr  Was c a r r i e d  0111  I,y tl]c  Jcl l’ro{)ulsiol]  l,al)oratoryj  (;alifol ]Iia lrlstituk  of
‘J bcll]lology, IIIICICI a coIItrLIct  w’itll tllc Natiolla]  AcKJIlautic.  s a]ld S]Jacc A(lrlli]listrz]tioll,


